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Abstract As a response to central nervous system injury, astrocytes become reactive. Two cellular hallmarks of reactive gliosis are hypertrophy of astrocyte processes and upregulation of intermediate filament (nanofilament) proteins glial fibrillary acidic protein (GFAP), vimentin, nestin, and synemin. Astrocytes in mice devoid of GFAP and vimentin (GFAP 
Vim
-/-mice develop larger infarcts after ischemic stroke (Li et al. in J Cereb Blood Flow Metab 28(3):468-481, 2008) . Here, we attempted to analyze the underlying mechanisms using oxygen-glucose deprivation (OGD), an in vitro ischemia model, examining a potential link between astrocyte intermediate filaments and reactive oxygen species (ROS). We observed a reorganization of the intermediate filament network in astrocytes exposed to OGD. ROS accumulation was higher in GFAP -/-
-/-than wildtype astrocytes when exposed to OGD followed by reperfusion or when exposed to hydrogen peroxide. These results indicate that the elimination of ROS is impaired in the absence of the intermediate filament system. Compared to wild-type astrocytes, GFAP
Introduction
In diseases such as neurotrauma and stroke, astrocytes become reactive. This phenomenon is known as reactive gliosis and is accompanied by an altered expression of many genes Sofroniew and Vinters 2010) . The hallmarks of reactive gliosis are hypertrophy of astrocyte processes, upregulation of cytoplasmic intermediate filament (nanofilament) proteins glial fibrillary acidic protein (GFAP), vimentin, nestin, and synemin, increased cell proliferation, and release of molecules modulating inflammation and post-traumatic remodeling (Jing et al. 2007; Parpura et al. 2012; Pekny and Nilsson 2005; Sofroniew 2009; Wilhelmsson et al. 2006) .
Astrocyte intermediate filaments are highly dynamic structures involved in cell signaling and migration. They also act as a signaling platform that controls cell responses to various types of stress, both in health and in disease (Eriksson et al. 2009; Pallari and Eriksson 2006; Pekny and Lane 2007) . We have generated and utilized animal models in which the role of reactive astrocytes in physiological or pathological situations could be experimentally addressed (Eliasson et al. 1999; Pekny et al. 1999b; Pekny and Pekna 2004; Pekny and Nilsson 2005; Pekny and Lane 2007) . Transgenic mice deficient in GFAP and vimentin (GFAP -/-Vim -/-) lack astrocyte intermediate filaments (Eliasson et al. 1999) , exhibit attenuated reactive gliosis (Pekny et al. 1999b) , and have been used in models of stroke, perinatal asphyxia, retinal ischemia, trauma, or neurodegenerative diseases (Cho et al. 2005; Jarlestedt et al. 2010; Kraft et al. 2013; Li et al. 2008; Lu et al. 2011; Lundkvist et al. 2004; Macauley et al. 2011; Menet et al. 2003; Verardo et al. 2008; Wilhelmsson et al. 2004; Wilhelmsson et al. 2012) .
We previously showed that astrocyte intermediate filaments play a key role in astrocyte activation, and that astrocyte activation is important for both the early and late stage of CNS injury (Nakazawa et al. 2007; Pekny et al. 1999b; Wilhelmsson et al. 2004) . Some of these studies suggested that in neurotrauma, reactive astrocytes have a positive role in neuroprotection and confinement of the lesion area (Pekny et al. 1999b; Wilhelmsson et al. 2004 ), but negatively affect synaptic regeneration (Wilhelmsson et al. 2004) , axonal regeneration (Cho et al. 2005) or integration of neural grafts (Kinouchi et al. 2003) , and neural stem/progenitor cells (Widestrand et al. 2007 ). Other models of genetically modulated reactive gliosis, such as astrocytespecific ablation of STAT3 and Socs3, support the concept of a dual role of reactive astrocytes in CNS pathologies (Herrmann et al. 2008; Okada et al. 2006) .
After ischemic stroke, GFAP -/-Vim -/-mice develop larger infarcts (Li et al. 2008) , which implies that reactive astrocytes are important for the protection of the ischemic brain tissue in stroke and that the astrocyte intermediate filament system has a role in this process (Li et al. 2008) . Several mechanisms were implicated as contributing to the increased tissue loss in GFAP -/-
Vim
-/-mice after ischemic stroke. Endothelin B receptor-mediated gap junction blockage is reduced in astrocytes from GFAP -/-
-/-mice (Li et al. 2008) , potentially affecting the spread out of toxic molecules within the astrocyte syncytium. The reduced glutamate uptake in GFAP -/-
-/-astrocytes (Li et al. 2008 ) might contribute to increased excitotoxicity of extracellular glutamate. The ability to release taurine in response to hypoosmotic stress is decreased in GFAP -/-
-/-compared to wild-type astrocytes (Ding et al. 1998) , potentially increasing postischemic brain edema and tissue loss after stroke.
Oxidative stress can lead to macromolecular damage, signaling dysfunction (Jones 2008) , and cell death after stroke (Sugawara and Chan 2003) . To determine a possible involvement of astrocyte intermediate filaments on oxidative stress-mediated cell death after stroke, we used oxygen-glucose deprivation (OGD), an in vitro model of ischemic stroke and reperfusion. We combined 1 % O 2 with the absence of glucose and growth factors in the media, ionic inversion and acidosis, which are conditions that mimic closely those found in vivo after brain ischemia (Bondarenko and Chesler 2001) . Astrocytes are relatively resistant to OGD as they can obtain glucose from the glycogen stores and adapt their mitochondrial function according to the substrate availability (Ouyang and Giffard 2003) .Neurons, on the other hand, mainly obtain energy through oxidative respiration and are thus more susceptible to OGD (Almeida et al. 2002) . Astrocytes exposed to OGD undergo reactive gliosis-like changes, such as GFAP upregulation and increased proliferation (Wang et al. 2012) . Here, we sought to determine the role of the astrocyte intermediate filament system in astrocyte response to OGD. We found more pronounced cell death of GFAP -/-Vim -/-astrocytes and cocultured neurons after OGD and showed that reactive oxygen species (ROS) elimination is decreased in the absence of the astrocyte intermediate filament system.
Materials and methods

Reagents
HBSS, PBS, dichlorofluorescein diacetate (DCFDA), fluorescent-labeled antibodies, Neurobasal media, B27 supplement, glutamine, trypsin, TrypLE, penicillin, and streptomycin were purchased from Life Technologies. DMEM, DAPI, paraformaldehyde (PFA), Triton-X100, and DNase1 were purchased from Sigma. Fetal bovine serum (FBS) was purchased from HyClone. Polyclonal rabbit anti-GFAP antibodies was purchased from Dako, polyclonal chicken anti-vimentin from Nordic Biosite, mouse anti-nestin clone 25 from BD Transduction, mouse anti-b-III-tubulin clone Tuj1 from Covance, mouse anti-connexin 43 clone GJA from Abcam and HRP labeled antibodies from Cell Signaling.
Animals
Mice carrying a null mutation in the GFAP and vimentin genes (GFAP -/-Vim -/-) and wild-type controls (ColucciGuyon et al. 1999; Eliasson et al. 1999; Pekny et al. 1995; Pekny et al. 1999b ) were on a mixed C57Bl6/129 Sv/ 129Ola genetic background. All mice were housed in a barrier facility, and experiments were conducted according to protocols approved by the Ethics Committee of the University of Gothenburg.
Astrocyte cultures
Astrocyte-enriched cultures were prepared from postnatal day 2 mice as previously described (Pekny et al. , 1999a ) with minor modifications. Mice were decapitated, and brains were dissected under sterile conditions. Cortices were isolated in PBS, freed from meninges, and incubated for 10 min at 37°C in 0.25 % trypsin solution. Trypsin was removed, and tissue samples were mechanically dissociated in DMEM supplemented with 10 % FBS. The cell suspension was plated on poly-D-lysine coated 75 cm 2 flasks at the plating density of one set of cortices per flask. Cells were incubated in DMEM supplemented with 10 % FBS, penicillin, and streptomycin and glutamine in a 5 % CO 2 humidified incubator. Every other day, the cultures were shaken and the media changed. Cultures typically reached confluence at 7 days in vitro, at this point, the cells were detached by incubation in TrypLE at 37°C for 10 min. Cells were pelleted by centrifugation at 253 g and replated on poly-D-lysine coated plates at a density of 25,000 cells/cm 2 . After 4 days, the media was replaced with Neurobasal supplemented with B27, glutamine, penicillin, and streptomycin and incubated for 4 days more.
OGD
For OGD experiments, astrocytes were incubated in OGD buffer (Bondarenko and Chesler 2001) 51 mM NaCl, 65 mM K-gluconate, 0.13 mM CaCl 2 , 1.5 mM MgCl 2 and 10 mM HEPES pH 6.8, penicillin and streptomycin. The buffer was deoxygenated using nitrogen for 30 min before the cell treatment. Cells were incubated at 37°C on a humidified incubator set to 1 % O 2 , 5 % CO 2 , 94 % N 2 . Reperfusion was induced by changing the media and returning the cells to the regular humidified incubator with 5 % CO 2 and ambient O 2 concentration (non-hypoxic conditions). Control cells were incubated in regular media in non-hypoxic conditions.
ROS measurement
At the end of 20 h of OGD, astrocytes were incubated for 1.5 h in HBSS in non-hypoxic conditions. DCFDA was added to the cells at a final concentration of 50 lM and was incubated for additional 30 min. DCFDA-containing HBSS was removed at the end of the incubation, and fluorescence was measured in HBSS using a Victor multilabel plate reader (Perkin Elmer) setting the excitation at 485 nm and emission at 535 nm. After measuring the fluorescence, cells were fixed with 4 % PFA in PBS and stained with Coomassie blue. DCFDA fluorescence was corrected by Coomassie blue absorbance in order to normalize according to the protein amount. For H 2 O 2 -induced ROS measurement, cultures were preloaded with DCFDA 50 lM in HBSS for 30 min, followed by 30 min incubation in 0.1 mM H 2 O 2 or HBSS for the control. For protein staining, PFA fixed cells were incubated in Coomassie blue solution (0.04 % Coomassie Brilliant Blue G-250, 25 % ethanol, and 12 % acetic acid) for 1 h, followed by three washes with de-staining solution (10 % ethanol and 5 % acetic acid) and resuspension in 1 M potassium acetate in 70 % ethanol; Coomassie blue absorbance was read at 560 nm.
Membrane staining and cell area measurement Astrocytes were fixed with 4 % PFA and washed three times in PBS. Cell membranes were labeled for 10 min by 4 ll/ml PKH2 green fluorescent cell linker for general cell membrane labeling (Sigma). Epifluorescence images were taken from fields with low cell density, up to 50 cells on a 409 field. Individual cells were outlined and the area measured using ImageJ software.
Intermediate filament immunofluorescence
Astrocytes were fixed with 4 % PFA, permeabilized with 0.5 % Triton X-100, and blocked in 5 % FBS. Primary antibodies rabbit anti-GFAP (1:200), chicken anti-vimentin (1:100), and mouse anti-nestin (1:100) were incubated over night at 4°C under slow agitation. Secondary antibodies were applied sequentially for 1 h at room temperature: goat anti-chicken biotin (1:1,000), donkey anti-mouse Alexa fluor 488 (1:500), donkey anti-rabbit Alexa fluor 633 (1:500), streptavidin-Alexa fluor 594. Three 5 min washes in PBS were done between incubations.
Cell death and viability measurement LDH was measured in the supernatant following manufacturer's instructions (Takara), and total LDH was measured after lysing the cells with 1 % Triton X-100. For the MTT assay, MTT was added for the last 2 h of incubation to a final concentration of 100 lM. At the end of the incubation, the medium was removed, the cells were lysed in DMSO, and the absorbance was read at 560 nm.
Astrocyte-neuron cocultures
For coculture experiments, pregnant mice at 16 days of gestation were killed and embryos decapitated. Embryonic cortices were dissected and freed from meninges, washed twice in cold HBSS and incubated in 0.25 % trypsin for 10 min at 37°C. Trypsin was removed and DMEM supplemented with 10 % FBS and 50 lg/ml DNase1 was added. Mechanical dissociation was gently performed with a fire-polished Pasteur pipette. The cell suspension was passed through a 40-lm mesh and seeded on top of confluent astrocyte monolayers at a density of 21,300 cells/cm 2 . After 2 days, the media was replaced by Neurobasal supplemented with B27, glutamine, penicillin, and streptomycin. Half of the media was replaced every other day until 7-10 days of culture.
Neuronal survival after OGD
On astrocyte-neuron cocultures, OGD was induced for 2 h in DMEM without glucose at 1 % O 2 followed by 2 h of reperfusion in regular media and non-hypoxic conditions. Cells were fixed with 4 % PFA at the end of the treatments. Neuronal cells were identified with b-III-tubulin antibodies (1:1,000) and donkey anti-mouse Alexa fluor 488 antibodies (1:500). Live neurons were counted as b-IIItubulin-positive cells with neurites and without apoptotic or pycnotic cell nuclei. Neurons were counted on 15 fields covering comparable regions.
Western blot analysis
At the end of OGD and reperfusion, astrocyte cultures were washed with ice-cold PBS and lysed in 2 % SDS, 65 mM Tris pH 6.8. Equal amounts of protein lysate were analyzed by Western blot as previously described (Puschmann et al. 2013) . The antibodies against connexin 43 were diluted 1:1,000 and applied overnight at 4°C. Membranes were incubated in 0.02 % NaN 3 for 2 h prior to incubation with actin antibodies (1:3,000). Luminescence images were analyzed by using ImageJ. Connexin 43 values were first normalized to actin values and then to the average intensity for each individual experiment. No difference between control wild-type and control GFAP -/-Vim -/-expression was seen, and the values are presented as a percentage decrease from the respective control.
Statistical analysis
Data are presented as the mean ± standard error of the mean (SEM). Unless otherwise indicated in the figure legend, n = 4 animals of each genotype, except for the LDH assay, where n = 3 animals of each genotype. Twotailed, non-paired Student's t test was applied, followed by Bonferroni's post hoc analysis.
Results
OGD induces intermediate filament reorganization
Under normal culture conditions, the intermediate filament bundles in astrocytes were composed of vimentin, nestin, and GFAP in varying proportions (Fig. 1a) . OGD induced intermediate filament reorganization. We observed cells with condensed bundles of intermediate filaments, and many cells showed a diffused non-filamentous pattern when visualized with antibodies against GFAP, vimentin, and nestin. This phenomenon was reversible, and during reperfusion, the intermediate filament bundles became again clearly visible and more abundant (Fig. 1a) . These changes were present in cells with regular nuclear morphology, indicating that they were not the consequence of cell death.
Prior to OGD, the majority of astrocytes showed vimentin-positive bundles of intermediate filaments, while GFAP containing bundles of intermediate filaments were undetectable in 25 % of astrocytes, and 23 % of astrocytes were highly GFAP positive (Fig. 1b) . At the end of OGD, the fraction of GFAP-negative astrocytes increased (p \ 0.01). GFAP immunoreactivity recovered during reperfusion with the number of GFAP-positive astrocytes at 2 h of reperfusion returning to their basal level. The fraction of astrocytes with high GFAP immunoreactivity decreased after OGD (p \ 0.05) and increased again during reperfusion (p \ 0.01, Fig. 1b) .
GFAP
-/-Vim -/-astrocytes are more sensitive to OGD Under normal culture conditions, GFAP -/-Vim -/-astrocytes spread over a smaller area than wild-type (p \ 0.01, Fig. 2a) , as demonstrated before (Lepekhin et al. 2001 ). Both wild-type and GFAP -/-Vim -/-astrocytes showed a decrease in cell area during OGD (to 57 %, p \ 0.001 and 72 % p \ 0.05 of original cell area, respectively; Fig. 2a) . At 2 h of reperfusion, the cell area of wild-type and
-/-Vim -/-astrocytes was comparable to the cell area at the end of OGD. Under normal culture conditions, astrocytes formed a monolayer of cells in close contact with each other. Bright membrane staining, indicative of extensive areas of cell-cell contact, was lost during OGD in both GFAP -/-Vim -/-and wild-type astrocytes (Fig. 2b) . During reperfusion, adjacent cells re-established cell-cell contact in some areas, whereas larger gaps remained in other areas (Fig. 2b) . Western blot analysis showed substantial reduction in the amount of connexin 43, a component of gap junctions, after OGD, and this reduction was more pronounced in GFAP -/-Vim -/-astrocytes (p \ 0.05, Fig. 2c) .
The extent of cell death measured as LDH release was small during OGD and increased during the early reperfusion. Immediately after OGD, and at 2 h of reperfusion, the extent of cell death was higher in GFAP -/-Vim -/-than wild-type astrocytes (p \ 0.001; Fig. 3a) . When cell metabolic activity was assessed by the MTT assay, we observed a decrease in cell metabolic activity/viability at 2 h of reperfusion, and this was more pronounced in GFAP -/-Vim -/-than wild-type astrocytes (p \ 0.05, Fig. 3b) . At 7 h of reperfusion, GFAP -/-Vim -/-astrocytes seemed to have recovered to a similar extent as wild-type astrocytes (Fig. 3b) . Thus, GFAP -/-Vim -/-astrocytes are more sensitive to OGD and early reperfusion phase, but later on show a similar recovery as wild-type astrocytes.
-/-Vim -/-astrocytes are less neuroprotective
Neurons are more sensitive to OGD than astrocytes, and hence, even OGD of short duration induces substantial neuronal death and neurite fragmentation (Almeida et al. 2002) . It is known that astrocytes are protective to cocultured neurons under OGD (Jones et al. 2011) . In order to evaluate the effect of intermediate filament ablation on astrocyte-mediated neuronal survival, we cultured cortical neurons obtained from wild-type mice on top of confluent astrocyte monolayers obtained from wild-type or GFAP -/-Vim -/-mice. The number of neurons in control conditions did not differ in cocultures with wild-type or GFAP -/-Vim -/-astrocytes (Fig. 4) . After 2 h of OGD followed by 2 h of reperfusion, the neuronal death was more pronounced when neurons were cocultured with GFAP -/-Vim -/-compared to wild-type astrocytes (54 vs. 23 %, respectively, p \ 0.01, Fig. 4 ). This indicates that GFAP -/-Vim -/-astrocytes are less neuroprotective.
ROS elimination is impaired in GFAP
Oxidative stress is one of the causes of cell death during ischemia-reperfusion (Sugawara and Chan 2003) . We observed an increase in intracellular ROS in astrocytes after 20 h of OGD followed by 2 h of reperfusion, and this increase was more pronounced in GFAP -/-Vim -/-astrocytes (p \ 0.001, Fig. 5a ). To assess the ability of astrocytes to eliminate ROS, we measured the accumulation of ROS in astrocytes after the addition of exogenous hydrogen peroxide. After 30 min of exposure to 100 lM hydrogen peroxide, the accumulation of ROS was higher in GFAP -/-Vim -/-astrocytes compared to wild-type astrocytes (p \ 0.01, Fig. 5b ). These data indicate that astrocyte intermediate filaments play a role in ROS elimination after OGD or hydrogen peroxide exposure.
Discussion
In several CNS disease models, the attenuation of reactive gliosis by genetic ablation of the astrocyte intermediate filament system has detrimental effects, in particular in the acute stage, albeit this often allows for improved regenerative responses later on . After ischemic stroke, GFAP -/-Vim -/-mice develop larger infarcts than wild-type mice (Li et al. 2008) . In an Alzheimer's disease model, the amyloid plaque load and the extent of neurite dystrophy are both facilitated in the GFAP -/-Vim -/-mice (Kraft et al. 2013 ). In a model of Batten's disease, disease symptoms appear earlier and the disease progresses faster when on the GFAP -/-Vim -/-background (Macauley et al. 2011) . Entorhinal cortex lesion induces greater loss of synapses in the outer molecular layer of the hippocampus and a better regenerative response in GFAP -/-Vim -/-than wild-type mice (Wilhelmsson et al. 2004 ). On the other hand, pathological neovascularization in oxygen-induced retinopathy and photoreceptor degeneration in a retinal detachment model are both reduced in GFAP -/-Vim -/-mice (Lundkvist et al. 2004; Nakazawa et al. 2007 ).
Here, we present evidence that GFAP and vimentin are important for astrocyte survival and their ability to cope with oxidative stress in an in vitro model of ischemic stroke. We further show that the exposure to exogenous oxidant (hydrogen peroxide) leads to a higher ROS accumulation in GFAP -/-Vim -/-astrocytes, implying their decreased ability to eliminate ROS.
The mechanisms underlying intermediate filamentmediated ROS elimination remain to be determined. It has been proposed that neurofilaments, the intermediate filaments of neurons, protect critical cellular components by their own preferential oxidation (Perry et al. 2000) . We observed that after OGD and reperfusion, the intermediate filament bundles appeared condensed, possibly as a consequence of intermediate filament collapse induced by oxidative stress. Indeed, oxidative stress is known to induce collapse of vimentin-containing intermediate filaments (Rogers et al. 1989; Spurny et al. 2007) , and vimentin contains one cysteine residue that is particularly sensitive to oxidation (Rogers et al. 1991) and becomes S-nitrosylated in endothelial cells during acute hypoxia . GFAP and vimentin contain several tyrosines that are predicted to be nitrated. Nitrotyrosine was shown to colocalize with vimentin and GFAP under oxidative stress (Acarin et al. 2005; Rey-Funes et al. 2011; Suarez et al. 2009) , and GFAP and neurofilament proteins become carbonylated in oxidative stress models (Kaneko et al. 2002; Leski et al. 2001; Romero-Ramos et al. 2003; Smith et al. 1995) . The putative oxidation-induced intermediate filament reorganization that we observed after OGD supports the role of intermediate filaments as a direct target of oxidative modifications as a means of protecting other proteins from oxidation.
Another mechanism of intermediate filament-mediated protection against oxidative stress could be sensing the increase in ROS and regulating the activation of signaling pathways. We observed a subset of cells in which the intermediate filament bundles disappeared, and the immunoreactivity became diffuse during OGD. As this effect was reversed during reperfusion, i.e., the number of cells without filamentous immunofluorescence decreased to basal levels, de-polymerization followed by re-polymerization, or degradation followed by synthesis is conceivably the underlying mechanism. Since intermediate filaments function as docking sites for signaling molecules, it is conceivable that such a re-organization would induce major changes in signaling pathways. Along this line, Sahlgren and co-workers showed that nestin prevents cell death induced by oxidative stress by binding Cdk5 and preventing its activation (Sahlgren et al. 2006) . Other possibilities, such as a recruitment and stabilization of redox detoxifying enzymes, heat shock proteins, or chaperones, remain to be investigated.
Oxidative stress plays a role not only in stroke and reperfusion but also in aging and neurodegenerative diseases (Sayre et al. 2008 ). In the last years, the free-radical theory has been refined to include the concepts of redox signaling and compartmentalization. The redox hypothesis postulates that protein redox-switches are maintained in a specific ratio in each specific cell compartment, and its alteration leads to oxidative stress caused by signaling deregulation (Jones 2008; Jones and Go 2010) . Our data link intermediate filaments and oxidative stress and point to the intermediate filament system as a potentially distinct sub-compartment within the cytoplasm. The size of this sub-compartment could be regulated by polymerization and depolymerization, synthesis, and degradation, and its functional properties could putatively be regulated by the relative ratio of the individual intermediate filament proteins forming intermediate filaments.
Astrocytes affect the neuronal network by regulating neurotransmitter recycling, maintaining the pH and osmolarity, by providing antioxidants, the energy substrates lactate and pyruvate, or controlling blood flow (Parpura et al. 2012) . These functions rely on astrocyte communication via gap junctions, which allow diffusion of molecules within the astrocyte syncytium and the maintenance of homeostasis. The role of astrocyte communication through gap junctions during ischemia and reperfusion is unclear. It was reported that connexin 43 ablation is detrimental in experimental ischemia (Nakase et al. 2003) , indicating that gap junctional communication is protective. Other studies indicate that gap junctional communication allows diffusion of pro-apoptotic molecules and the loss of ATP and is therefore detrimental (Anderson et al. 2003; Lin et al.1998 ). We observed a more prominent decrease in the amount of connexin 43 and more prominent cell death at the end of OGD in GFAP -/-Vim -/-than wild-type astrocytes, in parallel with the loss of cell-cell contact. Thus, our data support the notion that gap junctional communication plays a positive role in astrocyte survival under hypoxic conditions.
After stroke, astrocytes undergo reactive gliosis and the adaptive responses of astrocytes may inhibit neural plasticity responses and functional recovery (Clarkson et al. 2010; Pekna et al. 2012) . We have previously shown that astrocyte activation and reactive gliosis are neuroprotective in the acute stage after ischemic stroke (Li et al. 2008 ) but most probably also in Alzheimer's disease (Kraft et al. 2013 ) or Batten's disease (Macauley et al. 2011) . Our findings that the GFAP -/-Vim -/-astrocytes are more susceptible to OGD, eliminate ROS less efficiently, and are less capable of protecting the cocultured neurons, provide a conceivable explanation for these in vivo observations. In summary, we have shown that astrocyte intermediate filaments are important for the ability of these cells to cope with oxidative stress induced by OGD followed by reperfusion. Astrocyte intermediate filament system modulation could be a novel and interesting approach in designing the treatment for ischemic stroke or neurodegenerative diseases.
